Low-and intermediate-purity clotting-factor therapies are believed to accelerate human immunodeficiency virus (HIV) progression in hemophiliacs through adverse immune effects of the other plasma proteins in the preparations. To investigate this postulate, we evaluated data from six clinical centers that observed persons with congenital factor deficiencies at 6-month intervals. The present analysis is based on HIV-infected subjects who received intermediate purity factor Vlll or factor IX concentrates, or cryoprecipitate. For long-term outcome, we classified 374 subjects by the type and amount of treatment during our first year of observation, and determined the subsequent rate of progression to a CD4 count less than 200 cells/pL. A second analysis of this INCE THE MID-1980s it has been generally accepted that plasma proteins in factor therapies of low and intermediate purity have an adverse effect on cellular immunoc~mpetence."~ In addition, it has been suggested that the larger the amount of concentrate administered, the greater the effect in depressing the CD4 count.4 However, in a preliminary report from the Transfusion Safety Study we found no effect of the amount of concentrate administered to human immunodeficiency virus type 1 (HIV-1)-infected persons.' Furthermore, an extensive analysis from our group failed to find any effect of type or amount of factor therapy on CD4 counts among uninfected hemophiliacs.6
INCE THE MID-1980s it has been generally accepted that plasma proteins in factor therapies of low and intermediate purity have an adverse effect on cellular immunoc~mpetence."~ In addition, it has been suggested that the larger the amount of concentrate administered, the greater the effect in depressing the CD4 count. 4 However, in a preliminary report from the Transfusion Safety Study we found no effect of the amount of concentrate administered to human immunodeficiency virus type 1 (HIV-1)-infected persons.' Furthermore, an extensive analysis from our group failed to find any effect of type or amount of factor therapy on CD4 counts among uninfected hemophiliacs. 6 Evidence from therapeutic trials suggests that the administration of very high purity factor VI11 concentrates slows or even halts the decrease in CD4 counts among HIV-I -infected persons for periods of 2 years or longer.7-" In the Transfusion Safety Study we have also found that HIV-1-infected persons had a slower rate of CD4 decrease during periods when they were receiving very high purity factor VI11 concentrates." If low-and intermediate-purity treatments do not accelerate the CD4 rate of decrease, it cannot be argued that the mechanism by which very high purity
The publication costs of this article were defrayed in part by page charge payment. This article must therefore be hereby marked "advertisement" in accordance with 18 group used a repeated-measures, random-effect model that allowed for individual differences in CD4 decline. Finally, we compared short-term rates of change in CD4 count in each treatment interval of 525 subjects with the type and amount of factor therapy received in the same interval. There was no overall or dose-related deleterious effect of any form of treatment on CD4 trend. The CD4 decrease was less when cryoprecipitate was administered alone or combined with concentrate, but not significantly so. Our results counter the assertion that low-and intermediate-purity products accelerate the rate of CD4 decrease in HIV-l-infected hemophiliacs. 0 1994 by The American Society of Hematology.
concentrates slow CD4 decline is by removal of an adverse effect. The slowing must be attributed to something associated with the use of very-high-purity concentrates themselves.
This report is a detailed set of analyses of cryoprecipitate and of intermediate-purity factor VI11 (FVIII) and FIX concentrates in a well-characterized group of HIV-1 -infected hemophiliacs. Clinical and immunologic data were related to detailed information about factor therapy for observational periods ranging up to 7.2 years (mean = 3.1 years, median = 2.7 years). The indices of HIV-1 progression we used were the long-term rate of progression to a CD4 count less than 200 cells/pL, and the short-term rate of change in CD4 counts. We also considered long-term progression to an acquired immunodeficiency syndrome (AIDS)-defining condition.
MATERIALS AND METHODS

Patients and clinical evaluation.
From August 1985 through mid-February 1989, the Transfusion Safety Study enrolled patients with congenital clotting disorders. Institutional review boards approved all protocols and questionnaires at each site.
All subjects gave written consent, including that specifically for HIV testing.
The six centers that participated in recruiting and observing patients were located in New York, NY; Miami, FL; Detroit, MI; Seattle, WA; San Francisco, CA; and Los Angeles, CA. Recruitment, evaluation, and data collection are described e l~e w h e r e . " '~~~~ Anti-HIV status was determined by repeated enzyme-linked immunoassay supplemented by Western imm~noblot.'~ Follow-up visits were at 6-month intervals. The diagnosis of AIDS was accepted if it was recorded by the subject's physician or supervisory clinic with principal responsibility for the patient's care, and conformed to the 1987 criteria of the US Centers for Disease Control."
A total of 683 anti-HIV-I CD4 counts. Each clinical center performed complete blood counts, and analyzed the peripheral blood mononuclear cell subsets using a whole-blood staining technique and two-color flow cytometry (Coulter EPICS-C, Hialeah, F L ) . 1 5 . 1 6 All immunology laboratories used the same lots of monoclonal antibodies (Coulter Diagnostics, Hialeah, FL) and used standardized protocols. CD4 cells were measured in three pairings (with anti-CD8, anti-CD29, and anti-CD45RA) from August 1985 through June 1989; thereafter, pairings with anti-CD26 and anti-DR were added. The value used as the best estimate of CD4 was the median of the values available. A qualitycontrol program maintained interlaboratory and intralaboratory comparability both cross-sectionally and longitudinally.
Factor therapy. At the time of each follow-up visit, the subjects were questioned concerning the type and amount of interim factor therapy. Self-treatment logs were reviewed, as were clinic and pharmacy records. Patients have been classified according to administration of FVIII concentrates only, FIX concentrates only, cryoprecipitate only, or combinations of these therapies. We included the infrequent use of fresh-frozen plasma (FFF') with that for cryoprecipitate. Each donation-derived bag of cryoprecipitate was assumed to contain 100 clotting factor units of FVIII; each bag of FFP, 200 U of FVIII.
Initially in 1985, all clotting factor concentrates were intermediate in purity with specific activities estimated in the range of 1 to 2 clotting unitslmg total heterogeneous proteins. During the period of observation through January 1993, purity was improved in many products and the extent of other plasma protein was variably reduced. Accordingly, from 1988 the manufacturer and trade name of all clotting factor concentrates were added to the database to define specifically the individual products. Classified as 'high-purity' products are Profilate SD (6 to 8 Ulmg), Profilate OSD (6 to 10 Ulmg) (Alpha Therapeutic Corp, Los Angeles, CA); Koate HS (15 Ulmg), Koate HP (9 to 22 U/mg) (Miles Inc, West Haven, CT); and MelATE SD (50 to 150 Ulmg) (New York Blood Center, New York, NY). Classified as 'very-high-purity' products are those that yield 2,000 to 3,000 Ulmg before dilution with albumin for stabilization of clotting activity." The range of protein isotopic heterogeneity in very high purity concentrates is undoubtedly greatly reduced. Antiretroviral therapy. At each visit the administration of antiretroviral agents, either as part of a clinical trial or for therapy, was recorded. These were limited to zidovudine and/or didanosine among our subjects.
Statistical analyses of treatment effects. Administration of any very-high-purity FVIII concentrates (as defined) during any interval of follow-up resulted in censoring of the analyses at the beginning of, and subsequent to, that interval; no very-high-purity FIX concentrates were administered in our population sample. In the analyses of the effect of intermediate-purity FVIII concentrate alone on the change in CD4 count, data were censored at the beginning of the first interval in which any other type of therapy was administered (ie, FIX concentrate or cryoprecipitate).
For the long-term analyses of HIV-l progression, we found that amount of therapy for the first year (from visit 1 until visit 3) adequately estimated the amount per unit time administered after visit 3 ( r = .S1 for comparison of quantities of factor treatment). We used standard Cox analysis methods" to determine the time to a CD4 count less than 200 cellslpL and (separately) to AIDS for these 405 subjects. Their data were stratified by age and by the average CD4 count at visits 1, 2, and 3. The calculation per unit time used both the total treatment and the amount per unit body weight. For this and the following analysis we excluded the 147 patients who To allow for between-person variations in the rate of HIV progression, we also used a repeated-measures, random-effects procedure." This method provides for multivariate estimation both of fixed effects (those acting equally on all subjects) and random effects (those that differ from person to person, but with values constrained to come from a particular distribution). Two measures of the extent of exposure to various therapies were examined. The first was the sum of the number of intervals from visit 3 to the time point under consideration in the analysis, during which any treatment was administered, weighted for the interval lengths. This measure provided an approximate index of the total 'duration' of exposure during the period of observation.
In the random effects model, the second index of the extent of treatment exposure was a weighted sum, across all intervals, of the 'intensity' of treatment during each interval. Treatment intensity was calculated as the average daily dose, logarithmically transformed to correct a pronounced skewness in the data and to reduce the influence of the occasional intervals with extremely high doses. The dependent variable in all analyses was the rate to CD4 less than 200 cellslpl or to AIDS. Data were stratified by age and by the average CD4 count at visits 1, 2, and 3.
For the analysis of short-term effects, we evaluated CD4 changes by the concurrent factor treatment preceding the visit when CD4 was measured. For the total of 525 subjects defined by the criteria for visit 1 (above), each of their total of 3,724 intervals was classified by the treatment type and amount within that interval, and then correlated by standard methods with the percentage change in CD4 count for that same interval. The results of these analyses were then verified by omitting alternate intervals for each particular person (to avoid the inevitable negative correlations between successive CD4 changes), and by allowing for between-person variations in the rate of CD4 change, again using a repeated-measures, random-effects procedure.
All statistical significance levels ( P values) are two-sided (2P).
RESULTS
The type of factor treatment during visits 1 through 3 for the 374 patients in the long-term analyses are shown in Table  1 by type of clotting disorder. Three hundred nine (82.6%) had FVIII deficiency. The remainder had FIX or other deficiencies. FVIII concentrate was administered alone or in combination to 267 subjects; FIX concentrate alone or with FVIII concentrate to 71; and cryoprecipitate alone or with W111 concentrate to 22. Thirty-four subjects received no therapy during the first year of observation.
For Figure 1 shows the subsequent (after visit 3) progression to a CD4 count less than 200 cells/pL and to a diagnosis of AIDS in these 374 patients divided into three groups. One was the group of 34 with no treatment; the second received less than the standardized median total factor treatment between visits I and 3; and the third received the median and larger amounts. Figure 1 shows no overall effect of treatment.
Of the 374 patients, 97 (25.9%) received zidovudine and/ or didanosine during 250 (10.2%) of the 2,458 intervals. Stratification of subjects according to whether they received antiretroviral drug during any interval showed the same lack of effect of factor treatment in both groups.
The relative rate of subsequently developing a CD4 count less than 200 cellslpL was evaluated among the 269 patients with FVIII deficiency who received either no treatment, or FVIII concentrate alone (see Table l ). The reference group was the 26 persons with FVIII deficiency who were untreated in that interval. For the remaining 243 subjects (see Table  l ), the amount of intermediate-purity FVIII concentrate was examined by quartile. There were 44 CD4 events (ie, CD4 count became less than 200 cell/pL) among the 269 subjects. No effect of any amount of FVIII concentrate therapy compared with no treatment was seen (Fig 2) . Adjustment of the amount of therapy to take into account body weight gave the same result. Progression to AIDS occurred with a much lower frequency (12 diagnoses); there was again no suggestion of a relationship to therapy or its amount.
The repeated-measures, random-effects analysis agreed with the conclusion that there was no deleterious effect of FVIII therapy on HIV-I progression.
The amount of treatment with FVIII concentrate between factor therapy IN = 374).
each of the visits after entry (visit 1) and their concurrent rates of decrease in CD4 count also showed no pattern ( Table  2 ). The average CD4 decrease per 6 months in periods in which no factor treatment was received was 10.6%. This compares with an overall average decrease of 8.2% in periods in which FVIII concentrate was administered, and there is no evidence of a dose-response effect. This conclusion was confirmed by the analysis using data restricted to alternate time intervals in the repeated-measures, random-effects model. The average CD4 decrease for 6 months in periods in which no factor treatment was received was 12.2%, and in periods in which FVIII was administered was 8.4%, again with no dose-response trend. Table 3 considers the effects of all types and combinations of factor therapy between visits 1 and 3 on progression to CD4 less than 200 cells/pL. There was no evidence of significant differences among the forms of factor treatment (x: = 5.80, 2P = .12). Administration of FIX concentrates alone or in combination with FVIII concentrate had a relative rate of progression to a CD4 count less than 200 cells/pL of 1.06, but this was not statistically significantly different from those administered no treatment. Administration of any cryoprecipitate either alone or with FVIII concentrate had a relative rate of 0.17, which was not statistically significantly lower than other treatments (x: = 2.72, 2P = .lo) for comparison of any cryoprecipitate therapy with all other subjects combined).
FIX concentrate and cryoprecipitate therapies were examined for a dose-response relationship as a short-term (concurrent) effect. Omitting the intervals in which any cryoprecipitate was administered, there was no consistent effect of FIX concentrate by tertile of treatment (Table 4) Years of Follow-up tate (omitting any interval in which FIX concentrate was administered), there was some evidence of a dose-response relationship, but the result did not approach statistical significance (Table 5 , test for trend, 2P = .42). These results ( Tables 4 and 5) were again confirmed by analyses using only alternate intervals and the repeated-measures, randomeffects model.
DISCUSSION
Apart from the imputed consequence of low-(cryoprecipitate and FFF' ) and intermediate-purity factor therapies on CD4 count:" there have also been many reports of detrimental effects on in vitro immune f~n c t i o n s .~~-~~ However, our data reported here do not agree with the conclusion that in vivo there were any adverse consequences from these forms of treatment. We have already provided evidence that lowand intermediate-purity materials for factor therapy have no effect on CD4 counts in HIV-1 uninfected subjects?
Clinicians are obliged to find the least harmful of choices of clotting factor treatment, particularly for HIV-l -infected persons. Thus, we had been very cautious about our initial conclusions5 that the purity of factor therapy causes no adverse immune consequences in this infection. Apart from the repeated re-examination of the data by several analytic approaches in addition to the three described in this report, the same conclusion has since been reached in two large series from Becherer et alZ4 and Schinaia et al. 25 In addition, Pasi et a1,26 who previously reported impairment of interleukin-2 production and monocyte phagocytic function by inter- For personal use only. on October 22, 2017 . by guest www.bloodjournal.org From
